Introduction
It is estimated that a total of 4.3 billion tonnes of cement is produced worldwide annually with a rapid increase in demand [1] . The production of such a huge quantity of cement is associated with enormous energy consumption, significant cost and greenhouse gas emissions to the environment. It is therefore necessary to develop alternative binders which are cost effective and more environment friendly. Introducing a new technology to cement manufacturing methods that are consistent with the principles of sustainability can be a proper response to this necessity. Using nanotechnology for producing nano cement may be considered as a potential approach in this regard.
This technology of manufacturing can be achieved by increasing the specific surface area of cement by producing cement particles of nano scale i.e. the particle of size less than 100 nano meter. Increasing the surface area increases the chemical reactivity and nucleation effect, thus improving strength and durability of concrete with less quantity of cement [2] [3] [4] [5] [6] [7] .
The grains of nano cement are covered by solid shells in the process of grinding (mechanical activation). The shell is a capsule with thickness of several tens of nanometers of modified polymer compound, which imparts a radically new quality to Portland cement and concretes [8, 9] .
Nanotechnology can help to overcome major environmental challenges by reducing CO 2 emissions and produce cement of better quality. With the use of this technology, the amount of carbon dioxide emitted from cement factories is reduced significantly through reduction of the quantities of produced cement [10] [11] [12] [13] [14] [15] . The technology has also been used for producing cement of better properties as a result of incorporating various nanomaterials such as Silicon Dioxide nanoparticles (SiO 2 ), nano-CaCO 3, Carbon nanotubes composite fibers, and Aluminum Oxide nanoparticles (Al 2 O 3 ). The nanomaterials are mainly used to enhance various mechanical properties of the cementations materials: crack resistance, corrosion resistance, tensile strength and compressive strength [16] [17] [18] [19] [20] [21] [22] [23] [24] .
http://dx.doi.org/10.1016/j.cscm.2017.06. 001 Since 2001, an increased number of researches have been conducted indicating that nanotechnology is a potential alternative to the traditional cement production methods [25] [26] [27] [28] [29] . Thus, there is a technical possibility of adopting nanotechnology in cement production. However, in addition to the ongoing scientific research, it is also necessary to study the economic aspects of this alternative in order to evaluate its cost effectiveness. This paper presents a study evaluating the suitability of introducing nanotechnology through the establishment of nano cement production line within a traditional cement factory. The economic feasibility of establishing a production line of nano cement within the Alkufa cement factory of Iraq, using the silica sand, has been studied.
Background
In 2012, certification of six types of nano cements was made by Rusnano Ltd verified a full compliance of produced nano cements with general purpose nano cement technical conditions (TU -5733-067-66331738-2012). At the end of 2014, the national prestandard 19-2014 (Nanomodified Portland Cement Technical Conditions) was approved by the Russian Federation, and the international nano cements patenting was begun [28] . Sabdonoa et al. [23] found that the nano cement content has significant effect on the compressive strength of mortar. Mistry [30] studied the effect of nano materials on various properties of concrete in comparison with conventional cementations materials. It was shown that the increased surface area of nano materials improved compressive and flexural strengths at early ages, reduced porosity and reduced water absorption.
Bickbau and Shykun [31] showed that the characteristics of ultra-high strength concrete using nano cement was significantly improved. The use of nano cement reduced shrinkage, increased strength, reduced permeability and thus increased the long term durability of concrete.
Bickbau [32] discussed the implementation of the low-clinker nano cements technology and showed that there is a real opportunity to reduce cost per tonne of cement by 40-60 kg unit fuel, improve the cement quality and increase the production in any cement plant without constructing clinker burning steps. This will decrease emissions of the operating cement plants per tonne of nanocement by 30 to 40%. Ikhlef [33, 36] provided results of different tests investigated mechanical and physical characteristics of mortars and concretes consisting nano cements. The results showed improvement in water absorption of mortar and concrete. The 28-day compressive strength of concrete increased by 10-65%.
Selvaraj et al. [34] have recently carried out a study of reactivity of nano cement in concrete. They found that 30% replacement of OPC by nano cement led to excellent strength characteristic. Thus, nano cement proved to be an outstanding construction material for many applications in the building industry. Sarsam et al. [35] concluded that the addition of nano coal fly ash or limestone dust in the range of 2-6% as partial replacement of cement shows significant reduction in the water absorption properties of concrete.
The above research works in literature shows the benefits of nano cement in terms of strength and durability of concrete. Thus, a case study has been conducted to investigate the feasibility of the addition of a nano cement product line in an existing conventional cement factory.
Nano cement manufacturing process
The production of nano cement from sand & clinker is performed by mixing mineral supplement additions such as fly ash and slag or silica sand with crushed and grinded clinker or cement [33, 36] . Before processing into the mill which is shown in Fig. 1 , the moisture content of the mixture must not exceed 3%. This is achieved by making the mixture passing through a drying unit attached to the production unit. The mixture is grinded for 30 to 40 min in the mill [9] . Finally, nano cement is produced as the output of chemical reaction of clinker particles with a modifier.
As shown in Fig. 2 , the production process of nano cement begins with adding a tonne of grinded Portland cement or clinker to a tonne of materials comprising sand or silica sand and polymeric modifier such as sodium naphthalene (FDN -05) in dry form (polymeric modifier of 0.6%-2.0% and silica sand additive). Then, mineral supplements are added in a form of nuggets (300 mm in diameter) and gypsum of 5% to 6% moisture content (0.3%-6.0% gypsum rock). The output of the process is two tonnes of nano cement. Consequently, the cost of consumed fuel per a tonne of cement is reduced considering the required cost for the additional grinding and energy [9] .
Details of processing line to produce nano cement on the base of cement clinker processing are shown in Fig. 3 . Raw materials except the modifier are weighted and mixed and processed to the Bin feeder. Then homogenizing and modifier addition take place before feeding the mixture into the Ball mill where grinding is performed to produce nano cement. The dust generated due to the process is cached and controlled by the fabric filter.
Advantages of producing nano cement
The following advantages can be achieved by producing and using nano cement [9] :
• Increase of cement production without building a new plant.
• Utilization of local raw materials such as silica sand, damped wastes slag or fly ash in new production and usage of semi-finished clinker as raw material.
• Because of increased fineness of cement, concretes develop super high strength, high resistance to water, sulfate, chloride and acids. This enables construction of complexes civil engineering and architectural members such as thin membranes, supporting columns, beams, large-span structures, tubing, concrete frames and bridge structures. The effect of nano cement improves the impermeability of concrete that will eventually increase of service life of structures.
• Possible reduction in the ratio of reinforcement by 30-50% due to the use of strong and super strong concretes.
• Achieving compressive strength of 60-70 МPа within 24 h and 70% of 28-day strength of concrete within 72 h. Thus, the economic benefit can be achieved through reduction of form release time and significant reduction of overall construction time of the project.
The proposed project
In this project, the use of nanotechnology is proposed to produce nano cement through establishing a new line of production within Alkufa Cement factory in Iraq. This choice was made because the raw materials for manufacturing nano cement are available in the vicinity of the factory. The other necessary resources such as land, water, electricity etc. are also available for the establishment of the extended production line.
Alkufa Cement factory is a part of the Southern Cement State Company which was established in 1977. The head office of the company laid in Al-Najaf Governorate, about 7 km from the city of Kufa. The company owns several plants in the Southern region of Iraq. Each plant has four production lines with annual capacity of 1781000 t of cement. The factory produces ordinary Portland cement which conforms with the Iraqi Specifications No. 5/1984 as well as the requirements of the Ministry of Industry and Minerals. In August 2010, the factory was awarded Certificate of Quality by the Ministry of Planning and Development cooperation central agency for standardization and quality control.
Raw materials and cost
Different Supplementary materials can be used to produce nano cement depending on what is available in the region of production. For instance, sand is used in deserted countries while fly ash and furnace slag are used in industrial areas where industrial salvage is available. Iraq is a country which is rich in silica sand that usually exists in a form of white rock containing a high ratio of silica (up to 99% SiO 2 ). In this study, therefore, silica sand is used as a Supplementary material. Ardima sand quarry is selected as a site to supply the raw material because it has sand of a high level of silica and it is the nearest location to Alkufa Cement factory (about 100 km). The clinker will be supplied from Alkufa Cement factory. Tables 1 and 2 present the properties of Ardima province sand and Alkufa's cement. They conform with specified properties of nano cement raw materials as described by Ikhlef [33, 36] . The modifier, sodium naphthalene sulfonate (FDN-05) with density varying from 0.78 to 0.88 gm/cm 3 will be imported from Russia. This type of modifier has been used for producing nano cement e.g. Abu Dhabi National Cement Factory. The gypsum with minerals will be brought from the markets of Najaf. Table 3 shows the quantities and costs of raw materials used to produce a tonne of nano cement including transportation cost. Based on cost of materials in Iraqi market at the time of this study, the total cost of raw materials will be US$ 58.75 per tonne.
Equipment and machinery
Our investigation found that China has the fastest developing cement industry in the world. The cement production in China increased from 0.20 billion tonnes to 2.50 billion tonnes between 1990 and 2014 [28] . This indicates that China would be the best place for acquiring equipment of good quality at attractive prices. Therefore, the equipment will be imported from China.
A ball mill of dimensions 4.2 m × 11.0 m with operational power and feeding devices was selected for the project. The total weight of the mill is 137 t and has a motor of 800 kW power. The maximum size of feeding materials into the mill is 25 mm. The mill discharges the materials of 0.075 mm size, at rate of 25-130 t per hour. The photo of the mill is shown in Fig. 1 . Silo bunkers are used to store the materials including sand, clinker, gypsum and coal ash. There are also three feeder bins as shown in Fig. 2 . The storage capacities of the bunkers are 50 t to 200 t. A Bag filter will be used for cement dust. It is made of polyester fiber: weave type of plain and satin.
Product quality and demand
As described earlier, concrete containing nano cement has higher strength and is more durable than that made of ordinary Portland cement. Therefore, nano cement concrete will be more suitable for construction of structures, especially those exposed to aggressive environment [12, 38] . To ensure quality of the produced nano cement in terms of ingredients, fineness, setting times, soundness and strength, a comprehensive quality control (QC) plan will be followed. The plan specifies that only quality product will be sent out of the factory and asserts the compulsory implementation of: (i) from each lot number of samples will be taken for physical and chemical tests; (ii) all kinds of tests required for the production and inspection of inward materials continue to be performed by the executives of the Production Department; (iii) each batch of nano cement shall be packed in a plastic or waterproof bag; (iv) usual inspection of bags at the time of packing and conducting random sampling tests to ensure that the bags are at good quality and the weight of the loaded bags are correct; (v) the short bags are not allowed to move out of the factory; (vi) the produced nano cement will be saved for a long time in the bunkers; and (vii) monitoring of quality of materials shall be ongoing, and plant maintenance and calibration of equipment will be carried out by qualified personnel. The executive of quality assurance (QA) shall check the details of branding on the bags before packing the cement and he/she will be responsible to monitor adherence to all provisions made by the United Arab Emirates Bureau of Standards for various tests. The executive shall also monitor the conditions of various equipment and other provisions. Additionally, he/she shall monitor the mode of sampling by Production Department for testing of various input materials at different stages and make comprehensive report to the General Manager. A continuous communication and feedback from consumers will be maintained to improve the product for future development. A contact channel with experts shall also be established.
The proposed nano cement will be produced to have specific gravity (GS) and specific surface area (SSA) of 2.11 and 3,582,400 cm 2 /g, respectively [37] . These properties surpass those of ordinary Portland cement, i.e. GS = 3.15 and
The rate of demand on the product of the project under investigation is based on the product superiority, newness and quality. The rate also depends on the reduction of the imported cement quantities. This can be achieved by working with government bodies to market the cement at a lower price than that of the imported Portland cement. The Planned productivity will be 300,000 t/year (1000 t/day).
The costs of the proposed project and revenue

Capital and annual fixed costs
The capital cost is the sum of the costs of the items which are required for establishment of the new production line. Land, equipment, building and services installation, and furniture represent the main items needed for the proposed project. This cost is payed off during the initial phase of the project and because of its scale, it is considered as a major challenge to deciding the approval of the project. The cost of tools and equipment is estimated based on the study of Shykun [39] . The estimated total cost of tools and equipment, including setting cost of the new line of production is US$9.58 million as detailed in row 3 of Table 4 . The availability of land and building in the existing factory have reduced the estimated capital cost of planned new production line and played as an encouraging factor for establishment of the new line. Building and its services installations, equipment and furniture are the items that will annually depreciate and require maintenance. The rate of depreciation is expected to be 5%-10% as provided by Nasr [40] and the maintenance in the range of 3%-10%. The machine is the main item that governs the cost of depreciation, maintenance and insurance, as can be seen in Table 5 . The total annual cost is expected to be 1 million US Dollar as shown in row 9 of the table.
Variable costs
The total annual variable costs are the sum of administrative, materials and operational costs. The variable cost might vary annually in a range between US$ (41-75) per tonne or remain constant at US$60/t. Details of estimating the components of variable cost are described in the following sub-sections.
Administrative services
The staff who will manage and operate the new production line is composed of three teams: management, engineering and technicians. There will also be a security unit which guards the whole factory. The number of required personnel is given in column 3 of Table 6 . The salaries of top management staff and security personnel are paid by the main factory, so the increase in their payments due to additional work is considered in this study. The monthly range of increase in their salaries will be US$100-US$350 depending on the position. The monthly payments of engineers and other employees are listed in column 4 of Table 6 . The sum of the annual salaries will be US$ 81,480 as shown in row 6 of Table 6 .
Annual costs of materials
The annual volume of production depends on the daily production of the mill. The mill can produce 25-130 t of cement per hour. According to the production plan, the mill will produce 100 t/h. Therefore, the daily production will reach 1,000 t, on assumption that the mill will run 10 h a day (based on the Alkufa factory work condition). Hence, the expected annual production of nano cement will be 300,000 t. The estimated cost of 1 t of nano cement from raw materials is US$58.75, as detailed in Table 3 . Thus, the annual cost of raw materials will be US$17625,000/year (1000 T/day × 300 day/year × US$58.75) as provided in row 3 of Table 7 . 
Operational services
The operational services include cost of gas, power and others. The approximate sum of annual operational cost will be US $552,573 as given in row 4 of Table 7 .
Revenue
As the product will be new to the market, the suggested price is fixed at US$75 per tonne (less than the current price of cement in the market) or depending on the demand the price would vary from US$90 to US$60. This to make the product competitive with the ordinary Portland cement which is available at a price of $90-$100 per tonne. At the ultimate production rate of 300 thousand tonnes per year, the expected annual revenue will be US$22.5 millions. In the first year, 50% − 75% of production is assumed to be sold, as the product will be new to the market. The whole production is expected to be sold in the subsequent years.
Economic feasibility study
Taking into account the time value of money, the following indicators are adopted in the financial and economic feasibility study.
Net present value (NPV)
The net present value (NPV) is defined as the sum of the present value (PV) of incoming and outgoing cash flows over a period of time [41] [42] [43] . Based on the current interest rate adopted by the Iraqi banks, and on assumption that the annual cost will remain constant during the period of study, the present value of the costs will inversely vary with time, as shown in Table 8 . It will reach its least value at year nine to be US$8167391954 at a discount rate of 10% and US$50095214 at a discount rate of 50%. On the other hand, the annual revenue is expected to be US$11250000 in year 1 and then doubled in year two and stay stable until the end of year 9. At the two selected discount rates, 10% and 50%, the annual revenue will steadily decrease as can be seen in columns 4 and 5 from left in Table 9 . It can also be seen that at a discount rate 10%, the difference between total revenues and total cost is positive (US $1009579), whereas at a discount rate 50% the difference is negative (−1390214), as shown in Table 10 . This indicates that the project is economically feasible and can make profit.
Internal rate of return (IRR)
One important method of economic analysis is estimating IRR of the investment. It is a discount rate that makes the net present value of cash flows equal to zero [41, 44] . Assuming any two values of interest rate, IRR can be calculated by interpolation when net present value equal to zero. On the assumption that the construction period is not more than a year and based on the interest rate of 10% and interest rate of 50%, IRR can be calculated from the data given in Tables 8 and 9 . The obtained IRR is found to be 26.8%. This value is considered higher than the discounted rate adopted by Iraqi banks and giving indication that the project profitable. 
Break − even point (BEP)
It is the point where total cost of a project becomes equal to its revenue; at this point a project neither earns any profit nor it suffers any loss (zero profit point). The point tells how much sales should be made to cover all expenses of the project and at what sale volume the project will start generating profit [41, 45, 46] . Two scenarios are expected for the form of the relationship between the revenue and the accumulative number units. In the first scenario, a linear relationship of revenue versus accumulative number of units is predicted. Thus, the zero-profit point would be reached in 3 years and the BEP is determined using Equation 1.
BEP = FC/(S-V)
Where; BEP: break -even point; FC: total fixed expenses; S: selling price of a single unit of product; V: variable expenses a single unit of product.
In this project,
This relationship is constructed on assumption that sale price will remain fixed during the period of study and the production rate at 300000 t/year. So, the BEP = 911193 t. This indicates that to make profit, the factory must produce more than 911193 t of nano cement at least for the first three years. Fig. 4 shows the anticipated BEP and when the project will start making profit. It appears that at a production rate of 300,000 t/year, the BEP will be reached in 3 years.
In the second scenario, the variable cost and sale price of produced tonnes of nano cement would vary annually. The sale price of a tonne of nano cement will inversely vary with demand which will force the price to drop from US$90, the price at which no sale, to 
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$60 where full production capacity of the plant is sold. On the other hand, the variable cost of the tonne will rise from $41 to $75. The variable cost may ascent up due to increase in operation cost, wages of employees and the rising cost of raw materials. The anticipated variations of sale price with production rate are presented in Table 11 . When annual variable cost and sale price vary nonuniformly, relationships are expected to be nonlinear between revenue and total cost with accumulative number of tonnes sold. At the beginning of the production, even the demand rate might start low, the revenue will rise rapidly because of the high price per tonne; however, the corresponding cost will rise steadily. Fig. 5 shows that after a year of production, the cost and revenue curves intersect, i.e. the first BEP is reached. The functions that draw cost and revenue curves can be derived from the data presented in Table 11 . The cost function may be expressed by Eq. (2).
while the revenue function is given by Eq. (3).
Where; Q: total cost; R: revenue; X: cumulative number of units (tonnes) From Eqs. (2) and (3), the first BEP = 800000 t The increase in profit will continue and may reach its peak after two and a half years. However, the profitability may continue to increase in a decreasing rate because of the drop in sale price. Factors such as low demand, down turn in construction industry, involvement of other competitors in the market and discount offered to clients may force the sale price to drop and hence change the trend of the profit curve. Inversely, the annual variable cost may rise progressively due to increase in operation cost, wages of employees and rising the cost of raw materials. Thus, another BEP is reached beyond which the factory will not make profit anymore. Recalling Eqs. (2) and (3), the 2nd BEP is determined to be 900000 t.
Comparing the two scenarios, the proposed production line can be feasible if the factory maintains its sale at rates above 250000 t annually providing the sale price will not drop below $65 per tonne and the variable cost will not rise above $55.
SWOT analysis
The analysis technique that a business organization can perform for each of its products and markets when deciding on the best way to achieve future growth involves strength weakness, opportunity and threats (SWOT) analysis [47] . The strength in this project is that there is ongoing increase in demand for cement due to continuous increase in number of residential units built all over the country and the number of construction projects in most of Iraqi provinces. Statistics of last five years have shown an annual increase in demand for cement due to rapid expansion in construction industry [48] . The other strength is that workforce and raw materials are available in the existing factory or nearby. Moreover, there is no such plant producing nano cement in Iraq. Thus, this can also be considered as a strength of this project. However, the difficulty is that since the product is new to the market, consumers would be conservative to buy the forecasted amount of production at the beginning. Therefore, sale rate can be expected to be within 50% of the planned production in the first year. This point has been accounted for in calculations of profitability measurements. There would also be some risks threating the success of the project. Other competitors may enter the market particularly if the product gained the confident of consumers and became recognised worldwide. Decline in building and construction projects is another threat to the success of the project, as this will be associated with a decline in demand for cement. Other form of risk is seen as the instability of the political situation in Iraq which may lead to fluctuation in dollar exchange rate and hence affecting the sell price. The involvement of another competitor in the business would be advantageous. For instance, the construction of a new plant in United Arab Emirates at the end of 2016 will likely increase demand for the product through the promotion of the new product in the market. In addition, the market is growing fast, so the existence of other competitor would have insignificant effect on the sale rate of the proposed product. In the foreseen future, construction industry is expected to keep growing in Iraq because of the desperate need for reconstruction and renovation of what have been destroyed by war. The planned production can be increased by introducing new technology as a result increasing sale and profitability.
Conclusion
The results of this study confirms that the establishment of nano cement production line within existing cement factory is feasible. The new product can reduce the unit price of cement by US$25 and improve the quality of the cement.
The calculated NPV, IRR and BEP indicate that the proposed project is feasible with the advantage of low risk. Considering the project is sensitive to the inflation rate, increasing the cash flow by 1% will lead to rise in IRR to reach 28.5% or more. Hence, the project is economically feasible. As the expected IRR is 26.8%, there will be encouragement for the establishment of the project. It was also determined that from calculation of the breakeven point, the factory can make a profit if the sale rate is at least 250,000 t per year. The payback period is between 1 and 3 years. In addition, the current demand for cement gives a strong indication that all of the produced quantity will be sold.
In order for the project to be profitable, the proposed production line should sell an amount of nano cement larger than 800000-900000 t. This means that the production line starts to make profit, approximately, when its production reaches 17.3% of the planned productivity within 1-3 years. The use of nanotechnology can increase the annual volume of cement production without construction of new cement plants.
